Monoclonal antibody (MoAb) 12F1, directed against the az subunit of the a#, integrin, was generously provided by Dr Virgil Woods, Jr (University of California, San Diego). The characterization and specificity of this antibody were described The MoAb 7E3, which reacts in a complex-specific manner with both members of the & integrin family, the platelet membrane GPIIbIIIa complex (aIlb&), and the vitronectin receptor (c&), was kindly provided by Dr Barry S . Coller (SUNY, Stonybrook, NY).19,w MoAbs TS2/7 and B-5G10, directed against the a1 and a4 subunits, respectively, were provided by Dr Martin E. Hemler (Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA).zl~" The MoAbs P1E6 (specific for the cu, subunit), P1B5 (specific for the aj subunit), and P1D6 (specific for the a, subunit) 
express the a,, q, %, %, and a, subunits, or the q p S integrin. The p1 subunit is expressed by all lymphocytes but with variable intensity. Increased levels of the a, and p1 subunits 
HE INTEGRIN SUPERFAMILY of cell adhesion
T receptors mediates the cell-substratum and cell-cell adhesive properties of a wide range of cell types.',* The integrins, heterodimeric glycoproteins (GPs), are composed of one of at least 11 different a subunits and one of six p subunits. The p, subunit is usually associated with one of six now identified a subunits, which determine ligand binding specificity for fibronectin (a3, ad, or a,), collagen (a1, a,, or q), or laminin (a1, g, a', or a,).'" The p2 subfamily includes the leukocyte adhesion molecules CDlla/CD18 (LFA-l), CD 1 1 b/CDl8 (Mo-IIMAC-1 ), and CD 1 lc/CD18 (p150/95)., The p3 family consists of the platelet membrane 
MATERIALS AND METHODS
Monoclonal antibody (MoAb) 12F1, directed against the az subunit of the a#, integrin, was generously provided by Dr Virgil Woods, Jr (University of California, San Diego). The characterization and specificity of this antibody were described The MoAb 7E3, which reacts in a complex-specific manner with both members of the & integrin family, the platelet membrane GPIIbIIIa complex (aIlb&), and the vitronectin receptor (c&), was kindly provided by Dr Barry S . Coller (SUNY, Stonybrook, NY).19,w MoAbs TS2/7 and B-5G10, directed against the a1 and a4 subunits, respectively, were provided by Dr Martin E. Hemler (Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA).zl~" The MoAbs P1E6 (specific for the cu, subunit), P1B5 (specific for the aj subunit), and P1D6 (specific for the a, subunit) were purchased from Telios Pharmaceuticals, Inc (San Diego, CA).'z,z3 The MoAb GoH3, specific for the a6 subunit, was purchased from AMAC, Inc (Westbrook, ME).24 The 4B4 MoAb reactive with the PI subunit common to all members of the PI integrin family was purchased from Becton Dickinson (Mountain View, CA).
Tissue was obtained from material submitted to the surgical pathology service of the Department of Pathology, Washington University School of Medicine (St Louis, MO). The tissue was embedded in OCT compound (Miles Laboratories, Elkhart, IN), snap frozen in liquid nitrogen-cooled isopentane, and then stored at -70°C. Frozen sections (6 p,m) were cut, fixed briefly in acetone, and held at -20°C before staining by the immunoperoxidase technique using one of the primary antibodies listed above at a concentration of 5 to 10 p,g/mL. Detection was achieved with a biotinylated antimouse IgG and avidin-biotinperoxidase complex (Vector, Burlingame, CA) as previously described.26 Peroxidase activity was detected by incubation with a solution of 10 mg of 3,3' diaminobenzidine tetrahydrochloride (Sigma Chemical, St Louis, MO) in 15 mL Tris buffer containing 12 pL of 30% H,O,. Sections were counterstained with methyl green.
RESULTS

Zmmunohistochemistry.
See Table 1 for localization of integrin receptors in lymphoid tissue. Our previous immunohistochemical studies of the a$, integrin, a cell surface receptor for collagen, showed weak to moderate expression by fibroblasts and endothelial cells in the tonsil, lymph node, spleen, thymus, and gastrointestinal (GI) tract, and moderate to marked surface receptor expression on the columnar epithelium of the GI crypts and on the squamous epithelium of the tonsil?6 A similar staining pattern was demonstrated with both inhibitory and noninhibitory antibodies, which bind to epitopes on the receptor not involved in ligand recognition. 
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In agreement with our previous finding? there was no detectable expression of the a#, integrin receptor on lymphocytes in the tonsil, lymph node, spleen, thymus, or GI tract. Expression of %PI on hematolymphoid cells was limited to rare cells in the follicular centers of the tonsil, lymph node, and spleen; and by cells in the thymic medulla. Based on their dendritic morphology, these cells were identified as the dendritic cells of eithcr follicular center or thymic origin. Although a2P, is identical to the VLA antigen ( V U -2 ) on T lymphocytes expressed following activation with antigen or mitogen in culture, a#, was absent from lymphoid cells in all hematopoietic tissues examined. The lack of detectable a@, on lymphoid cells in the thymus was confirmed by flow cytometric analysis. This unanticipated finding prompted a study of the expression of other members of the P, family in lymphoid tissues.
alf3, was strongly expressed (3+) on rare cells within the follicular center of lymph nodes, tonsil, spleen, appendix, and in the thymic medulla in a manner similar to that observed in our earlier study of
The morphologic similarities suggested that these cells were follicular dendritic cells. In contrast to the %PI integrin, alp, failed to circumscribe the cell borders of tonsillar or GI epithelium, but was expressed only along the basilar aspects of those epithelia exclusively at sites of contact with basement membrane. Fibroblasts, endothelial cells, and smooth muscle cells were more strongly positive for a$, than for a$,.
In addition, sinusoids of the spleen were intensely positive for a, expression (Fig 1) .
aJ3, was weakly (1-2+) expressed on occasional (5% to 10%) follicular center cells in the tonsil, lymph node, spleen, and appendix."*'5 In addition, interfollicular lymphocytes adjacent to small vessels were (2+) positive. Similarly, occasional thymocytes scattered throughout the thymic medulla expressed a,PI at low levels (1-2+). In contrast to the lymphocyte population, the a,PI integrin was strongly expressed in both the stratified squamous epithelium of the tonsil and the columnar epithelium of the colonic crypts. The a#, receptor was localized in a circumferential distribution on these cells. Fibroblasts and endothelial cells in normal tonsil, lymph node, thymus, appendix, and the sinusoids of the spleen expressed intermediate levels (2 to 3+) of the aJ3, integrin. Both longitudinal and circumferential bundles of smooth muscle in the appendix were strongly positive for a,PI expression. The a,PI receptor, a receptor for endothelial cell surface vascular cell adhesion molecule (V-CAM) as well as a receptor for the IIICS region of fibronectin, is expressed on all lymphocyte cell lines and monocyte^.^^^^^^^^^ As expected, staining with an MoAb to the a, integrin subunit showed expression by most lymphoid cells in the lymph nodes, tonsil, spleen, appendix, and thymus. However, significant differences in the level of expression of a, in different sites within these hematopoietic tissues were observed. As shown in Fig 2, lymphocytes in the follicular mantle zone of the tonsil, as well as lymphocytes in the mantle zone of all nodal tissues and spleen, strongly expressed a, (4+). In contrast, minimal to absent expression of a, was observed on most of the adjacent follicular center cells with low-level expression in the apical light zone. The interfollicular lymphoid popu- The dendritic reticular cells of the follicular center and the thymic medulla demonstrated strong positivity when stained with an MoAb to the cl, subunit. In addition, the majority of lymphocytes located in the apical light zone of the germinal center expressed a,. A small number of interfollicular lymphoid cells at the periphery of the node and surrounding small vessels expressed low levels of a#,.
In the thymus, scattered a,PI positive thymocytes representing approximately 2% to 3% of the cortical thymocytes were identified in the periphery of the cortex. was confirmed with a noninhibitory polyclonal antibody produced against a synthetic peptide corresponding to the cytoplasmic tail of the receptor.
The a& integrin receptor was strongly (4+) expressed by the follicular dendritic cells of reactive germinal centers in the lymph node, tonsil, and appendix and by the dendritic cells of the thymic medulla. In addition, the lower three to four layers of the stratified squamous epithelium and the columnar epithelium of colonic crypts were strongly (4+) positive. Fibroblasts and endothelial cells in all organs examined and the sinusoids of the spleen were also intensely reactive (4+) with MoAb GoH3.
The a#, receptor, evaluated with MoAb 7E3, reactive with both the vitronectin receptor and GPIIb/IIIa, was not identified on any of the lymphoid populations in the tonsil, thymus, lymph node, spleen, or appendix. The endothelial cells of small vessels, fibroblasts, and splenic sinuses were strongly positive by our staining technique and served as an internal positive control. Schwann cells and smooth muscle of the appendix also expressed The P, subunit was expressed at high levels on all lymphocytes in tonsils, lymph node, spleen, and thymus, except those in the mantle zone surrounding the follicle. The mantle zone lymphocytes, in contrast, were only weakly positive (Fig 3) . The strong staining of the germinal center and weak staining of the mantle zone lymphocytes for PI was the mirror image of the weak staining of the germinal center and strong staining of the mantle zone lymphocytes for ad. Fibroblasts, endothelial cells, and epithelial cells showed the strongest positivity as would be expected for combined staining with aIPI, %PI, a3PI, a&, and/or a5PI and, perhaps, other unidentified P, subfamily members.
DISCUSSION
The integrin superfamily of adhesive protein receptors encompasses a group of heterodimeric protein receptors of growing functional importance. The members of the integrin family are not as specific in terms of receptor function and ligand recognition or restricted in cellular localization as originally thought.'*2 The importance of hematopoietic cell interactions with extracellular matrix components through the PI subfamily is suggested by the expression of distinct members of the PI subfamily on cells The presence of a4 on all lymphocyte populations is difficult to reconcile with the specificity implied in the role of a4p1 in localization to germinal centers or in the role of alp, in homing to Peyer's patch endothelium. When evaluated by frozen section immunohistochemistry, a marked increase in intensity of staining for the a4 subunit on mantle zone lymphocytes as compared with follicular center cells was noted. Increased expression of the aq integrin by the long-lived and continuously recirculating antigen-selected population of memory B cells34*35 may explain their localization to specific organs. In contrast, the highly proliferative follicular center cells, which die before antigenic selection and migration from the follicular center, were negative or weakly
The distribution of a, corresponds closely to the recently described distribution of the bcl-2 protooncogene in normal lymphoid tissues. The protein product of bcl-2 is absent from most follicular center cells, but is strongly expressed on cells of the follicular mantle zone.,' bcl-2, by preventing apoptotic, programmed cell death, has been shown to participate in B-cell m e m~r y .~~.~'
In striking contrast to a4, expression of the PI integrin was markedly decreased on the mantle zone lymphocytes. Recent evidence indicates that a given a subunit can pair with more than a single P subunit. 
